A new, simple, rapid and accurate stability-indicating HPLC method was developed and validated for quantitative determination of carbamazepine (CBMZ) in pure and dosage forms. An isocratic HPLC method, using a C 18 reversed phase column (150 mm x4.6 mm i.d., particle size 5 µm) with isocratic binary mobile phase consisting of methanol and water (70:30,V/V), was investigated to separate the drug from its stress degradation products. The flow rate was 1.5 mL min -1 at ambient temperature and photo diode array (PDA) detector was used at 285 nm for detection. The elution time of CBMZ was found to be 2.324±0.003 minutes. The developed method was validated for system suitability, linearity, accuracy, precision, limits of detection and quantitation, specificity, stability and robustness. Stability tests were done through exposure of the analyte solution for five different stress conditions: Reflux with 1.0 mol L -1 hydrochloric acid (HCl), reflux with 1.0 mol L -1 sodium hydroxide (NaOH), reflux with 30% hydrogen peroxide (H 2 O 2 ), exposure to ultra violet radiation (UV) radiation and heating. The calibration curve was found to be linear with the equationy=0.19677x-0.306, with a correlation coefficient of (R 2 =0.9999) over a concentration range of 2.0-24 µgmL -1 . The limits of detection and quantification were 0.02 and 0.062 µgmL -1 , respectively. The recovery value of this method is 99.80% and the reproducibility is with in 1.23.
Introduction
Carbamazepine (CBMZ), 5-H-dibenze[b,f]azepine-5-carboxamide (Figure 1 ), is widely prescribed as an anticonvulsant, antiepileptic and antimanic drug. Carbamazepine is an iminostilbene derivative used for more than three decades as the antiepileptic drug of first choice for the treatment of trigeminal neuralgia and also for both generalizedand partial seizures, due to rapid control of excessive cerebral electrical discharges and lower incidence of acute and chronic toxicity 1 . Carbamazepine is official in british pharmacopeia 2 as it was determined by liquid chrpomatographic (LC) method. Figure 1 . The chemical structure of carbamazepine (CBMZ). Various techniques have been reported for the assay of CBMZ in pharmaceutical dosage forms and biological fluids, including high-performance liquid chromatography (HPLC) with ultra violet or photo diode detection [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , high-performance thin layer chromatography (HPTLC) 13 , LC-mass spectrometry methods [14] [15] [16] , fluorescence polarization assay (FPA) 17, 18 , gas chromatography with mass spectrometry [19] [20] [21] , micellar electro kinetic capillary chromatography (MECC) 22 , chemiluminescence 23, 24 , spectrofluorimetry 25 , FT-Raman spectroscopy 26 , flow-injection 27 and spectrophotometry [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] have been reported for the detection of CBMZ and its metabolites.
A literature survey reveals that there is only one previous method dealing with stability indicating methods for determination of CBMZ 9 but this method includes some drawbacks such as too long separation time (14 minutes) and lower sensitivity. Therefore the aim of this study is to find an inexpensive, new, sensitive, simple, accurate, precise and rapid stability indicating fully validated chromatographic method applying isocratic mode for determination of CBMZ in bulk powder and tablets and to overcome the problems in all previously reported chromatographic methods as long time of analysis and expensive detectors as shown in Table 1 . 
Pharmaceutical dosage forms
Mazemaltablets contain 400 mg CBZM per tablet and were produced by Universal Industrial Pharmaceutical Co. (Unipharm) (El-Obour City,Cairo, Egypt). Tegretol tablets contain 200 mg CBZM per tablet and were produced byNovartis Pharmaceuticals, Canada Inc.
Chromatographic conditions
The chromatographic separation was performed using ODS-3 Intersil C18(150 mm×4.6 mm), 5.0 µm particle size column; the column temperature was maintained at 25±2 ºC. The Auto sampler utilized methanol as a rinse solution, the total run time was 5.0 minutes. The elution quaternary pump ran an isocratic flow using mobile phase consisting of a mixture of methanol and water in the ratio (70:30% v/v) at a flow rate of 1.5 mL min -1 . The eluate was monitored at 285 nm using UV-detector. The retention time of the drug was found to be 2.324±0.003 min. The injection volume was 10 µL. Methanol was used as diluent during the standard and test samples preparation.
Preparation of stock and standard working solutions
A stock solution of CBMZ (200 µgmL -1 ) was prepared by dissolving 20 mg of CBMZ in methanol in 100 mL volumetric flask, then shake and sonicate for 10 min till completely dissolved and then, complete the volume to 100 mL with methanol. The working standard solutions were prepared by diluting aliquots of stock solution with methanol to obtain final concentrations ranging from 2.0 to 24 µgmL -1 . Working solution of the drug was stable for one week.
Construction of calibration curve
Aliquots of standard solution, ranging from 2.0 to 24 µg mL -1 were prepared in a series of 10 mLvolumetric flasks. 10 µL was injected into the instrument. Detection was performed at wavelength 285 nm. The calibration graph was constructed by plotting the peak areas obtained at the wavelength 285 nm versus the corresponding injected concentrations.
Procedure for dosage forms
Twenty tablets were weighed, finely powderedandan accurately weighed amount of the powdered tablets equivalent to 20 mg of CBMZ was dissolved in 50 mL of methanol, sonicated for 10 minand the solution was filtered through a 0.45 µm membrane filter and then the final solution was completed to volume with methanol in 100 mL measuring flask.
The procedure was then completed as mentioned above under the general procedure.
Stability tests
Forced degradation studies were performed to provide an indication of the stability-indicating properties and specificity of the method. Intentional degradation was attempted using acid, base, hydrogen peroxide, thermaland UV-radiation. A degradation sample was prepared by dissolving 20 mg of CBMZ in 100 mL methanol through shaking and sonication. Then 10 mL of this solution was taken in each of three 50 mL round bottomed flasks to perform the first three degradation tests. To the first flask, 10 mL of 1.0 mol L -1 HCl was added for acidic degradation. To the second flask, 10 mL of 1.0 mol L -1 NaOH was added for basic degradation.
To the third flask and 10 mL of 30 %(v/v) H 2 O 2 was added for oxidative degradation. All the three flasks were refluxed forabout 2.0 h. After completing degradation treatments, samples were allowed to cool to room temperature and treated as follows: The pH values of the first and second flasks were neutralized with 1.0 mol L -1 NaOH and 1.0 mol L -1 HCl, respectively.
To the third flask 1.0 N sodium bisulfite solution was added to destroy H 2 O 2 . The volume of all the three flasks was adjusted to 50 mL with methanol. Suitable aliquots of resultant degradation samples were taken and subjected to analysis after suitable dilutions with methanol against the control samples (which lacked the degradation treatment). For thermal degradation, CBMZ powder was dispersed ontoa Petri-dish and left in oven at 45 °C for 2.0 h then the solution was prepared from it in a concentration of 200 µgmL -1 using methanol as solvent.
For degradation through UV-radiation 2.0 mL of the sample was retained inthe UV radiation from 5.0 to 60 minutes and then the radiated solution diluted with methanol to 10 mL, then finally injected into the LC and compared with the control sample.
Method validation
The methods were validated according to the International Conference on Harmonization Guidelines 38 for validation of analytical procedures.
Results and Discussion

System suitability
The conditions affecting the chromatographic performance of CBMZ were carefully studied in order to recognize the most suitable chromatographic system. So, the optimum chromatographic performances were achieved viausing isocratic mobile phase composed of methanol: water(70:30) adjusted to pH 7.0, injection volume 10 µL, column temperature 25 °C, detection wavelength 285 nm and flow rate 1.5 mL min -1 . The results of three runs indicate high system suitability ( Table 2 ). There tention time (t R ) value of CBMZ was 2.324±0.003 minutes. The RSD of peak area was 0.62%. Selectivity and specificity of the method
The resulted peak after tablet analysis is found to be homogeneous and there are no coeluting peaks indicating specificity of the method. Comparison between the chromatogram of the raw CBMZ and that of extracted CBMZ from tablets indicates that the excipients in the formulation did not interfere with the determination of CBMZ (Figure 2 ). Each of sixteen pharmaceutical substances was simultaneously injected with CBMZ ( Table 3) for examination of specificity of the method. Only dapoxetine HCl was found to inter fere with the method.
Figure 2.
Chromatograms of (20 µgmL -1 ) CBMZ from raw material and tablets 
Stability of the analytical solution and stability tests
The results ( Figure 3 ) of stress degradation indicate that CBMZ is strongly affected with refluxwith H 2 O 2 . Reflux with NaOH led to degradation of CBMZ, but the effect here is weaker than that in cases of H 2 O 2 . Much degradation was not observed in CBMZ under stress conditions like reflux with HCl, exposure to UV radiation and heat. There was no interference with the peak of the intact drug indicating that themethod is stability indicating. The full run time for separation of theintact CBMZ from its degradants is about 5.0 minutes which is very short comparing with the previously reported stability-indicating HPLCmethods for determination of CBMZ 9 . Stability of the standard solution was studied by injection of the prepared solution at periodic intervals into the chromatographic system up to about 5.0 days. The results indicate that the RSD of the peak area was within 1.07%.
Figure 3.
Separation of (20 µgmL -1 ) CBMZ from its degradants after different stress degradation conditions
Linearity
The 12 concentrations of CBMZ solution ranging from 2.0-24 µgmL -1 were analyzed. The graph of the peak area against concentration proved linear in the range of 2.0-24 µgmL -1 and the linearity equation is: Y= 19.677x-0.306 and the regression coefficient= 0.9999. The limit of detection (LOD) is defined as the injected quantity giving S/N of 3.0 (in terms of peak height) and was found to be 0.02 µg mL -1 . The limit of quantification (LOQ) is defined as the injected quantity giving S/N of 10 (in terms of peak height) and was found to be 0.062 µg mL -1 ( Table 2 ).
Reproducibility and precision of the method
Results (Table 4) show that there were high intra-and inter-day precisions(≤ 1.01%). Intraday precision was assessed by injection of the standard solution at three concentrations five times during a day. The same was done for inter-day precision test except that the injection of the samples was every day for five days. 
Accuracy and application
Analysis of CBMZ in Mazemal and Tegretol tablets by the propsed method showed high accuracy with mean recoveries of 99.30±0.48% and 99.70±0.61%, respectively ( Table 5 ).
The results were compared with a reported method 9 . The calculated values of f and t indicate that there is no significant difference between both methods. 
Robustness of the method
The robustness of the present method was evaluated in the terms of temperature, flow rate, content of MeOH in mobile phase, wavelength of detection and injection volume ( Table 6 ). The slight variations in the examined factors had no significant effect on the shape of the peak. The results co-efficient of variation (C.V.%) indicate that the method ismore sensitive to changes in MeOH%, wavelength and flow rate than changesin the other factors. Compared with retention times (t R -values), peak areas were more affected with the slight changes in the chromatographic conditions. 
Conclusion
A valid and rapid stability-indicating HPLC-method for quantification of CBMZ in pure form and tablets was established. Compared with the published chromatographic methods, this method represents a strong reduction of the analysis time and it is considered as a stability indicating method. The full run time for separation of the intact CBMZ from its degradantsis about 5.0 minutes which is very short comparing with the previously published work (14 minutes). With the proposed method a satisfactory separation of CBMZ from the degradation products, extended linear range and rapid analysis time were carried out. Ahigh recovery of CBMZin tablets was achieved. The proposed method ensured a precise and accurate determination of CBMZ in tablet formulations and is a stability-indicating method. No inter ference from the excipients was noticed.
